Investigations on the Endocrine Function of the Testicle in Cryptorchidism
By HARALD ENGBERG, M.D., Copenhagen.
FOR centuries cryptorchidism has been known to impair the fertility of the individual. It was, however, unknown whether the testis preserved a normal endocrine function in cases of spontaneous retention in man. Judging solely from clinical observations retained testes seem to preserve their internal secretions to a great extent. Previous studies of experimental cryptorchidism have revealed that this condition reduces the production of androgenic hormone, and this in turn results in increased pituitary activity. Nothing definite is kn6wn about the production of estrogen in cases of testicular retention.
The object of my investigations has been the hormone output in the urine of cryptorchid individuals. Determinations of the daily excretions of androgenic, estrogenic and gonadotrophic hormones in the urine of cryptorchid men and boys have been carried out. Comparisons have been made with groups of normal and castrated persons. Altogether 200 persons have been examined. Similar determinations have been made in the urine and blood of experimentally cryptorchid animals, especially rabbits.
The conclusive part of my investigations may be summarized briefly as follows: Fig. 1 demonstrates the excretion of androgenic hormone in the urine of 101 adult men during twenty-four hours. The numbers on the vertical axis mark the amounts of androgen in a twenty-four hour urine sample as measured by use of the capon's comb as test object. The amounts are given in international units since a comparison has been made with the international standard preparation of androsterone. The small black dots mark the single observations. The row most to the left indicates adult castrated men (18 persons). The average excretion is 11 i.u. More to the right you will find the men suffering from bilateral cryptorchidism; they are divided in two groups: 15 operated cases and 24 unoperated cases of bilateral cryptorchidism, average 25 and 26 i.u. respectively. Farthest to the right the dots record 44 normal men-average excretion 50 i.u. Quite an extensive statistical analysis of the data has been carried out, and f am justified in stating that the amount of androgen excreted in the urine by the bilateral cryptorchid men is significantly lower than in normal men but higher than in castrates.
I have examined a limited number of untreated bilateral cryptorchid boys-10 to 13 years of age. The androgen excretion for a twenty-four-hour period was compared with the excretion of a similar group of normal boys of the same age. The average amounts excreted were found to be almost equivalent. This is in accordance with the fact that the testes of cryptorchid boys at this age are microscopically identical to normal testes, though they may be slightly smaller. Fig. 2 is similar to the first figure and shows the amount of androgen excreted in a twentyfour-hour urine sample of adult male rabbits. The numbers on the vertical axis mark the percentage of growth in the test-capon's comb during the test period. The groups are the same as in the previous figure: to the left the castrated animals, in the middle the experimentally cryptorchid rabbits and to the right the normal male rabbits. It will be seen directly that there is a distinct parallelism with the previously mentioned results. Hanes and Hooker (1937) extracted the androgenic hormone from the testes of normal and cryptorchid pigs. The testicles of the cryptorchid animals contained about 50 % of the amount of androgen found in the normal testes, per weight unit.
In 1939 Gutman, in experiments with monkeys, found the amount of phosphatase in semen to be dependent on the amount of androgenic hormone present in the organism. The discovery by Gutman suggested that if a correlation could be established between the amount of androgen in the urine and the phosphatase in the semen of cryptorchid men, the androgen excretion in the urine might be taken as an expression of the androgen production of the organism. cretion in the urine and the amount of acid semen phosphatase. By statistical analysis the correlation is found to be significant. In the cryptorchid men (16 persons) the average amount of phosphatase per millilitre is found to be 2,061 units. In normal men (173 persons) the average amount of 3,767 units was found. This means a reduction of acid phosphatase equivalent to the reduiction of androgen excreted by cryptorchid men as compared to normal men. A similar reduction of androgen content in retained testes was found by Hanes and Hooker. When the experiments of Korenchevsky (1930) and Nelson (1937) are taken into consideration we may be justified in stating that retained testes produce less androgenic hormones than normal ones. The output of aestrogenic and gonadotrophic hormones in the urine of adult bilateral cryptorchid men-as compared to normal and castrated men-may be summarized in Table Il . The determination of cstrogenic hormone in a twenty-four-hour urine sample has been made in a semi-quantitative manner (see Hamburger, et al., 1945) . For the sake of convenience the results have been classified in two groups, having more or less than 20 mouse units. It will be seen from the table that excretion of less than 20 m.u. in twenty-four hours does not occur in normal men. But all the castrated men except one excreted less than 20 m.u. Among all the bilateral cryptorchid men only 2 had an output of less than 20 m.u. The determination of the excretion of gonadotrophic hormones has also been carried out by a semi-quantitative method. According to Hamburger (1945) an excretion of more than 17 rat units (equivalent to 50 mouse units) is very seldom found in normal men. In the group of 23 normal men here included only 2 had an output of more than 17 r.u. in a twenty-fourhour sample. It may be mentioned that the same two persons were found to excrete 24 i.u.
of androgen in the same sample, which amount is at the lower limit of the normal androgen excretion. 80% of the castrates had an output of more than 17 rat units, and so had 70% of the untreated bilateral cryptorchid men. This confirms the findings of Nelson in experimental cryptorchidism: the increased pituitary activity is a result of the decreased androgen production. As to the androgen excretion of the bilateral cryptorchid men in whom orchidopexy had been previously performed, the average amount excreted in twenty-four hours is 26 i.u. as compared to the 25 i.u. in the unoperated group. In 50% of the operated men the gonadotrophic hormone excretion was increased and the estrogen excretion lowered.
Mv investigations have been published at a moment when the more pessimistic. say that any treatment of cryptorchidism is useless. Denis Browne has pointed out that hormone treatment will not bring down any testis which would not have descended without it though it may hurry the descent. Ample support to this statement was given by Wilson (1939) and by Rea (1941) . Operative treatment, especially orchidopexy, has been criticized severely. Rea is well aware of its disadvantages but still finds orchidopexy a justifiable procedure. Dr. T. S. Hansen has not been able to find much support for this belief. My investigations give no evidence in favour of orchidopexy. On this background it is not very encouraging to call attention to the fact that cryptorchidism not only seriously hampers the fertility of the individual but has a very noxious influence on the endocrine function of the retained testis.
Confronted with the belief that a retained testis is best treated by being left alone, I should like to point out why this cannot be done.
I
The majority of all cases of true cryptorchidism suffer from complications such as hernia, pain or both. Operative treatment must be undertaken in a great number of cases for these reasons. If orchidopexy is not a justifiable procedure some other form of operation must take its place.
Hormone treatment cannot be discarded, either. According to Denis Browne the most important single -point in the diagnosis of testicular position is the distinction between the superficial inguinal ectopia and the so-called high-retractile position which is a normal variation. The high-retractile testis descends spontaneously or after hormone treatment. The superficial inguinal ectopic testis does not-operation alone may bring it down. Budinger (1923) and later authors stress the fact that inguinal ectopia constitutes one-third of all cases diagnosed as retention of the testicle. Two-thirds of all cases rightly or wrongly classified as testicular retention in boys show spontaneous descent. Most of these cases are "highretractile" testes which respond well to treatment by hormones.
In order to distinguish the cases of superficial inguinal ectopia-needing operation before the testis is seriously damaged-from the cases of high-retractile testes-which very likely will be hurt by operation-hormone treatment is a very valuable adjunct, and may be the key to an early diagnosis. Denis Browne believes that if a testis is seen through the skin in the inguinal region it is ectopic. If not visible the diagnosis may be difficult.
.654
In favour of the endocrine treatment are the results of some investigations on experimenfal cryptorchidism in rats in which I have participated. 177 rats were made cryptorchid on the right side only, by closing the inguinal canal by a silk purse-string suture after reposition of the testis in the abdominal cavity. 86 were treated by chorionic gonadotrophic hormone and 91 were kept as controls. Litter mates were used. It was found that large amounts of hormone did no harm to the testicles-neither the normal nor the undescended ones. We made another observation which we found later to be a confirmation of a statement by Moore. In the 91 controls the experimentally retained testis pushed its way through the abdominal wall into a newly formed inguinal pouch, or, more seldom, into the scrotum, in 8 % of the cases. In the 86 cases which were treated by hormone a similar descent occurred in 22 % of the cases. This seems to me to be a strong contradiction to the statement by Eisenstaedt et al. (1940) , that chorionic gonadotrophic hormones will harm the retained testes which cannot be brought down by hormones. Rea (1941) has confirmed our evidence.
The highly purified commercial gonadotrophins extracted from the urine of pregnant women are well suited to the treatment of cryptorchidism. I have found no untoward reaction in administering such hormone to newborn babies in amounts of 1,000 i.u. per injection. I believe-though I cannot substantiate my belief at present-that the hormonal treatment may be undertaken at a very early date. I am convinced that operative treatment of infantile hernias which are accompanied by undescended testes should not be resorted to before an attempt has been made to bring about descent by hormonal treatment. Even when descent has taken place operative treatment of infantile inguinal hernias is a very dubious affair and much harm may be done-especially by freeing a hernial sac as a whole from the cord in cases where it would have been sufficient to free the neck of the sac and cut it, with or without closure.
As retention of the testicle will need surgical intervention in a considerable number of cases, it must be borne in mind that there are few organs so liable to damage. Dr. P. M. F. Bishop: I am glad to see that we are all agreed upon one thing, that surgery by no means invariably produces successful functional results. This is at least an advance on the attitude of surgical optimism which used to exist in some quarters. I remember demonstrating a series of cases of undescended testicle treated by endocrine therapy at Guy's, and asking a distinguished surgical colleague who had kindly consented to attend the demonstration if he had any comment to make. He replied that he could see no need for endocrine therapy as in his experience surgical treatment was 100% successful. This can surely only be explained by supposing that he did not follow up his cases.
Mr. Browne states that no one has contradicted his views on the surgical anatomy of the undescended testicle. There are, however, a number of descriptions which do not conform to Mr. Browne's hypothesis, though, this is perhaps not the place to engage in a detailed anatomical argument. I would therefore refer him only to one observer, McGregor (1929) , whose theory of the "third inguinal ring", does not agree with the theory advanced by Mr. Browne.
Our disagreement appears to be on the subject of the percentage of canalicular testes one encounters. It is considerably higher in my opinion than he has suggested, and it is these canalicular testes which present such a difficult problem to the surgeon, because the cord is too short to allow the testis to be placed in the scrotum without tension on the blood-vessels. But it is because the cord is short, owing to inadequate "luteinizing hormone" stimulation, that these cases often respond well to endocrine therapy. Whether this treatment merely "accelerates" a descent which would occur spontaneously at a later date is irrelevant, for though many of these testicles will descend spontaneously at the age of 15 or 16, by this time the seminiferous tubules may well be irrevocably atrophied, according to the careful histological observations of Cooper (1929) . Tt would seem, therefore, important to ensure that the testicle is in the scrotum at the latest by the twelfth birthday.
As to the dangers and disadvantages of endocrine therapy, Mr. Browne does not need to remind the members of this particular Section that endocrine preparations may be powerful and potent substances. Enlargement of the penis will certainly occur with overdosage or too prolonged administration. It is as well to see the patient at the end of a two-months course, and seldom to prolong treatment for more than six months. Mr. Browne has been unfortunate in his experience of the prevalence of undesirable psychological disturbances following endocrine therapy. A fairly extensive perusal of the literature (Bishop, 1945) left me surprised at the rarity with which such complications occur.
I believe that endocrine therapy is of value in suitably selected cases, but I feel that the best results will be obtained by an intimate and careful collaboration between the surgeon and the endocrinologist.
Mr. L. R. Broster showed illustrations of a series of testes collected at Charing Cross Hospital, and reported on by Professor Vines. The patients included intersexes, cryptorchids with hypospadias, and varying grades of undescent. In some cases the patients had erroneously been brought up as females.
In bilateral ectopia, the histology generally corresponds to that of the hermaphrodite pig, where the tubules are atrophic and the interstitial cells hyperplastic, and suggests that this condition may be of endocrine origin, although spermatogenesis may occur. In unilateral undescent on the other hand, there is progressive fibrosis after puberty, there is atrophy of the tubules, and the interstitial cells are absent. 
